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ABSTRACT 

Precipitation  estimates from vaIious  sourccs for thts difftwnt Great 1,:tkes drainage  basins  are  reviewed.  To 
check the  comparative  accuracy of the  estim:rtcs. thcy  are  correlatd  with  the net,  basin  supply  (runoff)  values for 
each basin.  The  best  corrmpondctlce  betweell 1lr.t h s i n  supply  and  precipitatiou  is  indicatvd for the srnaller basin- 
Erie  and Ontario--and the poortlst for thv  larger  basins, 31ichig:m-Huron and  Superior. It appears  that  reasons for 
the poorer  relationship  in  the  case of the  larger basins  inclrldr the use of calendar-year,  rather t h m  water-year, net 
basin supply  and  precipitation &ita2, a11d the w e  of a varying Ilurrlher illstead of :t fixed-nunher of stations.  The use 
of a fixed nurnbcr of stations nppwrs to olinlinnte  tht.  1)ossii)ility of the inclusion of time  trend  errors. 

The Erie-St. Clair  hesin will hcrcafter he referred to as thc Erie hasin 111 this stn(1y. 

rnnection through the  Straits ol RIackinac, and are usually considererl  hyrlraulicillly :IC 
Lakes Michiqan and Huron have the smlc  elevation hecause of tlw I~road and deep 

one lake. 

A better  untlcrstttnding of thc relntiorlship  in  recent 
?-c:trs between  precipitation and runoff  from  the  Great 
Tl:lkes basins  could also possibly lead to more precise 
information  concerning  the  rainfall  in  t'he Great Lakes 
ixtsins prior t o  the 1870's, since  records of Great Lakes 
levcls extend back to 1860 and  earlier,  while the earliest 
precipitation  estimates  for an)- Great Lakes basin begin  in 
the 1870's. Tt h:~s been pointed  out, [8] that  lakes  integrate 
rtrirlfdl  effects over w i d c  areas and arc a statistically 
111ore reliable swlple thtm IL rain  gage  mettsurement  which 
is supposcd to represent'  t'hc  precipi.tation over rnany 
squtrrc miles. However,  it  nlt~?;  never be possible to  make 
:L precise determinution of rainfall  from  early  records of 
Great Lakes levels, bec:tusc of t11e uncertaint>y  as to the 
effect of cultural  changes in thc  drainage  basins.  Like- 
wise, it' may  never be possiblc to  make  a precise w:tter 
budget' study of the  Great  I,akes,  tempting  though  it may 
be, because of uncertainty as to some of the factors, 
irlcluding the exact'  rtnlount of precipitation  assumed to be 
rcprescnted by :any precipitation  estimrtt'e. 

Tt, is  the purpose of t,his  study t'o review, and check for 
c*ornptrtLtive accura(:y, some of thc  precipitation  estimates 
which lutve been made for the  Great  Lakes  drainage  basins, 
m d  to cleterlnine which, if :my, are most suitable  for use in 
hytlrologic studies. 
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2 .  PRECIPITATION MEASUREMENTS with  the  exception of Ontario,  and r n d e  tt graphical corn- 

The  amount of precipitation c:tught in  an  8-inch, or 
larger,  rain  gage  is a somewllat uncertain  estimate of the 
amount of precipitation  in an areit which may be  billions 
of times as large  (ratio of area for average  density of rain 
gages in  t)he  Unit'ed St'at'es to area of rain gage) .  Never- 
theless, it   has been  shown [B] that  a. high  degree of reli- 
ability  nlay  be  assunled  even wllcn the mea11 rsinftdl  over 
a  srnall area  is  deterr~lincd  from :I single station,  provided 
the  station  is  within  the area. 

Instrumental  errors  may  be  quite  large  and cun1ul:ttive 
[8], and  the  rain gage catch  nlay  be deficient, during  periods 
of high  winds [5] and  snow [SI. (In ("mads, snow depths 
are assumed to represent  the  amount of mclted  prccipi- 
tattion  on :L l G :  1 ratio.) However,  it  has been pointed 
out [ 5 ]  t,llat  in n1m-y h y h l o g i c  studies,  the  fact  that  the 
rainfall  indicated by a. rain gage is  deficient  is of littlc 
significance. "In rainfall-runoff  studies, :L systenlutic er- 
ror in  measuring  rainfall  might' be buried in  one of the 
empirical constants;  it  is  only  necessary  that'  the n1e:lsurcd 
rainfall be correlated  in n systenlutic  Imnner  with  the 
actual  rainfall." [5]. 

3. PRECIPITATION ESTIMATES 

There  is qome difficulty and frustration  in :Lttelnpting 
to develop  Iong-term  precipitation  estirnnt'cs  for  the GretLt 
Lakes  drainage bibsins, since thc basins are not  identicd 
with any geographic  subdivision, and because con1p:rra- 
t i d y  few  long-period  precipitation  records are availublc. 
However, Day [4] llas  pointed  out  that'  when  the official 
collection of daily weather statistics,  including measured 
precipit'ation,  began  in  the TJnitcd States  in t'llc latter 
part of 1870, more  stnt,iorls  per  unit areti  were established 
in the Great  Lakes  region  t,han  in other part's of the 
country. All of the  four  principal r1rain:lge basins also 
include  areas of  ChrltLdn and monthly amounts of precipi- 
tation  for  Canadian  stations  must usudl>T be sunmet1  to 
obtain  the annu:tl amounts  ordinarily used in hyclrologic 
stmudies. 

Grunsky [7] derived  precipitation  cstirnat,es  for  the 
period  1871 to 1923 for  the  Superior,  Michignn-Huron, 
and  Erie  basins.  Tllc  number of stat'ions  used  in  each 
basin  was 9, 31,  and 14, respectively.  A consitler:lblc 
amount of t'lle dat'a  before 1890 was int,erpolntetl, cspe- 
cially for  stations  in  the  Superior  basin.  Grunsky  did  not 
attempt t'o relate  his  rainfall  estimates to lake  levels, or 
any  water  supply  factor, but other investigators [IO] 
were  unsuccessful  in an  at't'crnpt to  show a correltltion 
between  Grunsky's  precipitation  estinlat,cs ant1  hlic~hignn- 
Huron  lake  levels. 

Horton [7] used  Grunsky's  data to obtain  seasonal cs- 
timat'es of precipitat,ion  on t'lle same  basins, and also de- 
rived  annual  amounts  on a wnter-\-ear  basis,  beginning 
November 1. Horton's  values  are  slightly  higher t h n  
Grunsky's,  because of a correction applied  for c1eficienc.v 
of measured snowfall. Hort'on also developed  prccipitn- 
tion  estimates  for  the  water w e a s  of the Great h k e s ,  

parison of 5-ye:tr tI1eans Qf rainid1  with  lake levels nnd 
wl'tLter supply f;rctors  for  each of t'he bttsins, but did not 
indicate tin\- ycar-to-year  correlations. 

Day [41 nl:Lde a cornprehensive study of the  precipita- 
tion in the Great' Tlakes area lor the  period 1875 to 1924, 
and included a discussion of the levels of t'lle lakes and 
their  relation to annual  precipitation. H e  concluded 
that,:  "The levcls seem to be closely related to t'he quan- 
tity of precipitation, delays of a year or more often 
appearing  in tlle response of the levels,  since the runoff 
is  not  inlllldiate." The number of st'at'ions  used by Day 
to dcrive t h e  cstirnatcs of precipitation  in each basin 
were 21s follo\vs:  Superior,  18; Xlichiga11, 23;  Huron, 16; 
Eric, 21; Ontario, 16; total 94 (e1irnin:Lting duplications, 
91). in the case of Grunsky's  study, some of t'he  data 
prior  to tlround 1890 were interpolated,  especially  in the  
C:LSC of Illany of the  Superior  stat'ions. It W A S  indicated 
by Day that cach stat,ion, even tllough its  record was 
not contilluous,  should  nevertheless  represent a distinc- 
tive t~rca,  c11lhr:wing frcquerrtly several stations with 
rt~aorcls for  tlifferent  periods, but so locatcd as to just'ify 
the assunrption  that'  they  represented  the  precipitation 
of the  district. (It has  been  pointed  out [8] that  there is 
ti regional  consistency  in  precipitation  patterns for long 
periods of tinlc,  but  this  consistency  becomes  less pro- 
nounced lor shorter  periods.) 

Day's precipitation  estirnatcs for the  Eric  basin for 
the pcriod 1875 to 1924, and  extended from 1925 to 1952, 
were uscd  in a recent study [3] involving  t>hc water bal- 
ance of Lakc  Erie to det'ermine t'lle probable Michigan- 
Huron disc:harge. Xnot'ller st'udy by the sanlc author 
[2] used precipitation  estinmtes by the U.S. Lake Survey, 
('orps of  Engiueers, for the  3~liclligan-Huron  basin, to 
show a computable  relationsllip  betwccn precipitat'ion 
t~ntl  lake lcvels, and also an apparent lag  between pre- 
cipittltion and its effect. 

The 1J.S. h k e  Survey 11:~s developed precipit'ation 
est,ilnates for the various Great  Lakes basins, beginning 
with 1900, wit,h sollle  estinlwtes extending  back  to around 
1883. These  cstinlnt,cs do not use a fised, bu t  rather 
include :L vnrying,  nulrlber of stations. For example, 
tlle total  nunlber of stations uscd  in  the  Michigan basin 
ranged  from 91 in 1900 to 421 in 1955; and  in  the Huron 
basin from 109 in 1925 to 320 in 1950. (At present 
approsinlntcly 300 stations are used  in  deriving the 
precipitation  est'inlatcs  for  each of these  basins.) It has 
been  shown [I11 that  t,he  use of increasing  numbers of 
rain g a p s  with t,irne nlay  introduce t i n  increasing bias 
in  cstirnatcs of waterslled  precipitation. 

One  additional  set of Great IJakes precipitation esti- 
mates  that  has been  referred to in the  literat'ure [l, 91 was 
developed by  Cantdian agencies.  These  estimates, from 
around 1870 to 1934, wcrc computed by the Hydro- 
graphic  Scrvicc of the  Depart,~nerlt of' Mines  and Techni- 
cal Surveys, and incluclcd only a few stations  in  the early 
part' of the  period, whilc scvcral dozen werc  used  for most 
of t'hc basins  in  the latter part of t'hc per'iod. Other 
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by extending  and  modifying t)lle precipitation  estimates of 
Day, in  order  to  det~crnline  whether  the use of a fixed 
number of stations  would  eliminate the time  trend errors. 
This was wcornplished for the  various  basins RS follows: 

( I )  Superior. I n  this hmin  four of the stations  outside 
tlw drainage  basin were omitted. Ot'herwise,  t,he  same 
stations used by Day,  t,otalling 14, were also used, insofar 
as possiblc. In ca,sc of missing data, or changes  in loca- 
tions of stiltions,  the  precipitation of :L nettrby strtt'ion  was 
substituted. 

(2) 12Iichigsn-Huron. In t'his  basin four of thc  st>ations 
outside  the  tlrainagc  basin  were  omitted.  Lansing, AIich. 
WLS used onl!- once; it'  was used by  Day in  deriving the 
cstilrltltcs for  hoth  the XIichigan and  Huron basins. 
Sad t   S t c .  1 Z : k ,  Mich. was ndded;  this  station was also 
used  for the Superior  basin.  The average of t'he 35 
statiolrs was consiclered ns reprcwnt'ing the prrcipit'ation 
c.st.inl;itc for the Alicllig:~n-Hurorl  basin. 

(X) Eric. For this  basin,  the smne 21 stations used by  
D : L ~  were d s o  uscd, with the linlitutions  describcd  above 
for tlrc Superior hsin.  

(4) Ontario. T I 1  this Ixmin some care was taken to 
~ r ~ : t k r  certain  that  ch:~nges  in  locations of stations (lid not 
t~lso involve  significant'  differences  in  the  precipit'at'ion 
rcgirnc. A change of n short'  distance  in some parts of 
this  basin,  especially if it  involved a change  in  elevation, 
could  result  in a suhst  antially  different  precipit'ation 
amount. For this  reason,  several  changes  in  stations 
were  nl;ttle, and a. total of 14 sttLtions WAS uscd to derive 
the  precipitation  estimates  for  the  basin. 

Tllc  precipitation  estimates  thus  obtained  from 1875 to 
1952 (not shown) were :~lso  correlated  with  t'he  ne,t  basin 
supply  values,  with  the  results  indicated  in  table 2. No 
time  trend crrors are indicated  for  any of thc basins. 
H o ~ v e v ~ r ,  it, should be pointed  out  that  not a11  of tjhe 
othcr  precipittltion  estimates  described  in  this  study were 
cornputctl  with  the  int'cntion of eliminating  time  trend 
errors. For example, t h e  Lake  Survey  precipitation 
v:ducs wcrc apparently  derived  in  order  to  obtain t>ho most 
;LccurtLte value  for  each  year  through t'he use of a large 
number of stations, and should be more  accurate  in any 
given yenr than estimates bused upon  a  snlaller  number of 
sttttions. 

NOTES: 

(2) =1900 to 1923 
(1)=1875 to 1899 

(3)=1924 t o  1952 
(4)=1900 to 1952 
(5)=1900 to 1952, including last two  digits of yc'ar as a variabic ill the corwlntion. 

Underlined vdues arc indicated  to 1x1 significant at th? 1 pcwcnt 11~vel  of  grol1alJility. 
'Those correlation  coeficients are of doubtful vnllic Iwx!~sc of doul~t  131 as to accuracy of m t  basin supply values for hlirhigan-Huron and Erie in  the period 1876 to lP99. 



It has been shown [3] that  a sorllewhttt better correlb ‘L t,’ ion 
between net  basin  supply :tnd precipit’ntion  on  the 
Illichigan-Huron  basin  is  indicated  when  correl. ‘t t’ ions are 
on a water-year,  rather  than  on :t calendar-year, basis. 
It appears  that  the effect of snow, which  :rceunlulates  in 
the  late  months of :t calendar year trnd melts  in  the follow- 
ing year is  thereby eliminttt’ed.  Since it was not possible 
t o  convert  Day’s  precipitation data, (which  were on w 
calendar-year  basis  and  did  not  include  monthly  values) 
to R water-year  basis,  the Lake Survey  net  basin  supply 
and  precipitst’ion vwlues were  changed to  a water-yetLr 
basis  (beginning with October 1). 

The correlat’iorls of t>hese  net b:rsin supply and precipita- 
tion  values  on tt water-year bttsis for  the period  1924 to 
1952 are indicated  in  t>able 2 .  Because of generally  higher 
correlations  indicated on a water-year basis  t’han on an 
annual  basis, it   appears t’h:rt the  snowmelt factor is :L 
problem to  be  reckoned  with,  except on the  Erie basin. 
In  this  basin, the snow  cover  is  generally  light’ ant1 
sporadic,  at) leust’ in  that  portion of the  winter  prior  to 
January 1. 

4. CONCLUSIONS 

It has not been the  purpose of this  study to provide  the 
last  word on precipitation  rst’imat’es for the  Great  IJnkes 
basins,  but’  only to review trnd compare  various  estimates, 
and to  point  out  some of t’he desirable  characteristics 
which  would make  estinmtcs  most  suitable  and  acwmtte 
for use in  hydrologic  studies,  especially  those  involving  the 
use of long-period  precipitation estirrltrt’es. 

Considering  .the fact  that poor  correlations might' be 
due t,o inaccuracies  in  either  the rtleasurernent of precipits- 
t>ion, or in  the  factors  used  in .the computation of t ’ l~e  net’ 
basin supply  values,  but also the  fact  that there appears 
to  be little or no reason to  doubt  the  comparative nccurac?- 
of the  precipit’ation  measurements, or changc in accuracy 
with  time  (except  in t’lle  case of int’erpolatetl  dat,n),  the 
following observtrt’ions and/or conclusions can be  rrlade 
(anlong others)  frotn tt considcrirt’ion of the  correlations: 

(I)  Little confidence  can be placed  in  the : ~ c c u r ~ ( ~ y  of 
any of t’he  precipitation estJim:ltes for the  Superior basin 
in the period  1875 to 1899 because of the very  poor  correls- 
tiorls indicated.  This  is  probably  on  account of t h e  exten- 
sive use of interpolated  precipitation  data  in  this  basin 
before about  1890;  although t’lw  possibilities of h tccura-  
cies in the net  basin  supply  data, or a change  in  the 
precipit’ution-runoff relationship,  cannot be cntire1)- 
ignored. 

(2) Because of the gcnertrlly higher corrc1:ttions in  thc 
most  recent  period, 1924 to  1952, it  appears  that thc 
accuracy of SQ111C of t’he data used in  the  computation of 
the net,  basin  supply values h:rs inere:tsetl steadily  with 
t  ime . 

(3) Bec:ruse of the  ~nucll  poorer correspontlence of net 
basin supply  and precipittrtion  for  the  period 1900 to  1923 
for  hlichignn-Huron than for m y  of the  other  basins,  it 
appears  t’httt  there nu~y h ~ v e  been a change  in  the accnrncJ- 

of onc or more of the  factors  involved  in  t’hc  determinat’ion 
of the net, b~rsin  supply  values  for  this  basin  in  this  period. 

(4) In spite of the use of a srntL11er number of stations 
Dtty’s pstitntttes, nlotlified nnd extended, are corrlpartLt~ively 
more :rccurtrte than other  estimates for the  Superior and 
,Iliclligtm-Huron bthsins in  the years 1900 to 1952. 

(5) I n  the  Erie ant1 Ontario  basins, t h e  Lake  Survey 
estitn:tt,es itre sonlewhat’ more uccurate  than any of the 
ot’her estirntltcs  for  the years 1900 to 1952. 

(6) I t ,  therefore,  appears  that  for use in hydrologic 
studies the most  consistent’  est’irnat’es for the Michigan- 
Huron  nnd  Superior btLsins can be developed by the use 
of tr fixed nurllhcr of stations, and that  on any  basin where 
snowmelt  is R factor, .the  precipitation  estmates  and ot’her 
d2LttL used should be on a water-year, rather  than on R 

calentltrr-yet~r, basis. 

ACKNOWLEDGMENT 

The help  nnd  tlssistmce of various  members of the 
staff of the We:tther Bureau Office, Chicago,  Ill.,  in the 
cotllpil:tt,ion of the  precipitat’ion estimates is  grat’efully 
wlirlow~ledged. 

REFERENCES 

I .  .J. 1’. Brnccb  :irlcl G. K. Rodgers, “Thc Water  Balance of the Great 
Lakes  System,”  preserltrd at Symposium 011 the Great Lakes, 
American  A4ssociatiou for the  Advancement of Science, 
Chicago, Ill.: I)ecenlber 29-30, 1959. 

2. Ivall A’. Hrunli, “I’recipitatiorl a n d   t h e   I ~ v e l s  of Lakes 
Michigu~l and Huron,” Journal  of Geophysical  Research, vol. 

3. Ivan W. Hrunk?  “Chaugcs  in  the  Levels of Lakes  Michigan and 
Huron,”  prcwntcd  at 4111 Confcwncc, on Great Lakes Re- 
srarch, University of Michigan,  Ann Arbor, Mich., April 
17-18, lM1,  (published ill Journal  of Geophysical  Research, 

4. 1’. C. Day, “Prccipitatiou  in  the  I>rairlage  Area of the Great 
I>akes, 1875-1924,” JIouthly Weather  Review, vol. 54, KO. 3, 

5 .  C;. Ewl H:trt)cck, Jr.  and Ethel W. Coffay, “A  Comparison of 
Rnirlfall I h t a  Obtained  from  Rain-Gage  Measurements and 
Cha11gc.s in I,:tkc. I,evr~ls,” Bullet in  of the  American Meteoro- 

6. Itobclrt E.  IIortoll,  “A4ccr~racy of Areal  Rainfall  Estimates,” 

64, KO. 10, Oct. 1950, pp. 1501-1595. 

~ 0 1 .  66, XO. 10,  Oct. 1961, pp. 3320-3335). 

3\4ar. 1026, pp. 85-106. 

logical S ~ c i ~ l y ,  v01. 40, SO. 7, J ~ l y  1959, pp. 348-351. 

12Ionlhll/ I t ’dher Review,  ~ 0 1 .  51, No. 7, July 1923, pp. 348- 
3 5s. 

7 .  Itobcsrt F:. Hortoll and C. E:. Grwlsky, Hydroloqy of the Greal 
Lakes ,  (Ileport of the  Engineering Board of Review of the 
Sanitary  District o f  Chicxgo 011 the Lake Lowering  Contro- 
versy  and n l’rogranl of Rclnlcdial Measures, Part  JII, 
Appendix I t) ,  Chicago,  Ill.,  1027, 432 pp. 

8. 1t:ry K. LitlsltJy, Jr., > lax  A. Kohlcr,  and .Joseph L. H. Paulhus, 
Applied  H!ldrology, McGrnw-Hill Book Co., Inc., New York, 

9. F. E. Morton  and 11. H. Ilosenbc,rg, “Hydrology of Lake 
Ontario,” Journal  of the  IIydraulics  Division,  Proceedings of 
the Arnericun S o c i d y  of Civil Engineers, HY 5,  May 1050. 

10. I ) .  M.  Picrccl :tnd J. I<. Vogt, “Method for Predicting  Michigan- 
Huron Lake  Lcvcl  Fluctuations,” Journal  of American 

11. A .  J,. Sharp  and FV. J. Owen, “ A  Comparison of Methods of 
1htirn:rting  l’recipitation on  Watersheds,”  presented at April 
18-21, ISGl, meeting of American  Grophysical Union, 
U’ashingtonj D.C. 

N.Y., 1940, 680 pp. 

ll’alrrworks  Association, vel. 45, 1953, pp. 502-520. 


